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(57) Abetnct 

An digomicleodde pfotK is provided 
^R^iicli tocUidea a fluorescent repo ftc r molecule 
and a qoencber molecule c^aUe of quenching 
the fluorescence of the reporter molecule. Hie 
oUgomicleotkle piobe It oonstnided sudi that 
die probe exists in at least one slmle^stnnded 
confcamation when unbybridtzed where the 
quendier molecule is near enough to the reporter 
molecule to quench the fl u ore sc e n c e of the 
reporter molecule. The oUgonueleotide probe 
also exists in at least one confbmiation when 
hybridszed to a target polymicloetide where 
the quencher molecule Is not positioned close 
enough to the rtponer molecule to quendi 
the fluorescence of the reporter molecule. By 
adoptmg these hybridized and unhyt^ized 
confoimatlortt. the reporter molecule and 
quencher molecule on the probe exhibit different 
fluorescence signal Intensities when the probe 
is hybridized and unhybtidized. As a result, 
it is possible to deteimine whether the probe 
is hybridized or unhybridized based on a 
change in the fluorescence intensity of the 
reporter molecule, the quencher molecule, or a 
combination diereof. In addition, because the 
probe can be designed such that the quencher 
molecule quenches the reporter molecule when 
the probe is not hybiidized. the probe can 
designed such that the reporter molecule exhibiu 
limited fluorescence until the probe is either 
hybridized or digested. 



R 



SOLID 
SUPPORT 



J- 



• nRST PROBE 



„ _ SAMPLE OF 
NUtXElC ACIBS 



0^ 



-SECOND PROBE 



HNII — 



FIRST 

p a TARGET 

'^^SSif ^^^^ 



SECOND 
o „ TARGET 

f jO SEQUENCE 



•^TBErvkfOSESOFrnFORMAnONONLr 



AT 


AMttk 






AV 




cm 




BB 




GB 




BE 




ON 




•r 

»G 




GR 

m 


GfMce 


SI 




n 




BR 


tad 


IT 




BY 


Bckm 






CA 


CiMda 


acB 


Kngm 


cr 


CMbil AMcMi Rcpvbtk 


KG 




CG 




KF 


nrwocmit ffBople-tlUpwMfc; 


Of 






titam 


a 

CM 




KR 

KZ 


BtttkhitM 


CN 


Owa 


U 




cs 




UC 
LU 
LV 


ULMfca 


cz 

OE 


CncbSUpBblic 




DK 


Oemwfc 


MC 


till 


BS 
Ft 


Spun 
Finlttid 


MD 
MG 


FR 
GA 


FrMoe 
Gtboii 


ML 
MN 


Moi«otii 



NL 
NO 
NZ 
PL 
FT 
RO 
W 



SN 
TO 

TO 
TJ 
TT 
UA 
lis 
UZ 
VN 



NvwZnlMid 



Slovrait 



CM 
TO|o 

TfWdMlMdTob^ 

^'^SttWofAmerici 

VietNwi 



wo W/15270 



PCT/US95/14882 



SELF-QUENCmNG FLUORESCENCE PROBE AND METHOD 

BACKGROTJNn OF THF novp]^^^^ 
Field nfttv.|«yffnfj^ 

The invention relates generaUy to fluorescent probes which include a 
fluorescent reporter molecule and a fluorescent quenchermolecule. More 
specifically, the invention relates to fluorescent probes which include a 
fluorescent reporter molecule and a fluorescent quencher molecule which may 

be used in hybridization assays and in nucleic acid amplification reactions, 
eqiedally polymerase diain reactions (PCR). 

DescrinrionofRglati^ Ary 

Fluorescent reporter molecule - quencher molecule pain have been 
incoiporated onto oUgonucleotide probes in oider to monitor biological events 
based on tiw fluorescent reporter molecule and quencher molecule being 
separated or brought within a minimum quenching distance of each other. For 
example, probes have been developed where the intensity of the reporter 

molecule fluorescence increases due to the separation of tiu! reporter molecule 
fitJm the quencher molecule. Probes have also been developed which lose flieir 
fluorescence because die quencher molecule is brought into proxunity with die 
reporter molecule. These reporter - quencher molecule pair probes have been 
used to monitor hybridization assays and nucleic acid amplification reactions, 
especially polymerase chain reactions (PGR), by monitoring eitiier tiw 
appearance or disappearance of the fluorescence signal generated by the reporter 
molecule. 

As used herein, a reporter molecule is a molecule capable of generating 
a fluorescence signal. A quencher molecule is a molecule capable of absorbing 
the fluorescence energy of an excited reporter molecule, tiiereby quenching the 
fluorescence signal tiiat would otherwise be released from the excited reporter 
molecule. In order for a quencher molecule to quench an excited fluorophore. 
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the quencher molecule must be within a minimum quenching distance of the 
excited reporter molecule at some time prior to the reporter molecule releasing 
the stored fluorescence energy. 

Probes containing a reporter molecule - qu«jcher molecule pair have 
been developed for hybridization assays where the probe forms a haiipin 

structure, i^, Mduw the piobe hybridizes to itself to form a loop 
quencher molecule is brought into proximity with the rtporter molecule m the 
absence of a complemeotaiy nucleic acid sequence to prevent the formation of 
the hairpin structure. WO 90/03446; European Patent AppUcation No. 0 601 
889 A2. When a complementary target sequence is present, hybridization of the 
probe to the complementary target sequence disrupts the hairpin structure and 
causes the probe to adopt a conformation where the quencher molecule is no 
longer close enough to the reporter molecule to quendi the reporter molecule. 
As a result, the probes provide an increased fluorescent signal when hybridized 
to a Utfget sequence than when unhybridized. Probes including a hairpin 
structure have the disadvantage that they can be difiBcult to design 
mterfere with the hybridization of the probe to the target sequence. 

Assays have also been developed for identifying the presence of a 
hairpin structure using two separate probes, one containing a reporter mol^^^ 
and the other a quencher molecule. Mergney, er a/.. Nucleic Acids Research. 
22:6 920-928 (1994). In these assays, the fluorescence signal of the importer 
molecule decreases when hybridized to the target sequence due to the quencher 
molecule being brought into proximity with the reporter molecule. 

One particulariy important j«>pUcation for probes including a rqxwto 
quencher molecule pair is their use in nucleic acid amplification reactions, such 
as polymerase chain reactions (PGR), to detect the presence and amplification of 
a target nucleic acid sequence. In general, nucleic acid amplification techniques 
have opened broad new approaches to genetic testing and DNA analysis. 
Amheim and Erlich, Ann. Rev. Biochem.. 61 : 13 1 -156 (1992). PGR, in 
particular, has become a research tool of major importance wiUi applications in, 
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for example^ clonings analysis of genetic expression, DNA sequencing, genetic 
mapping and drug discovery. Ambeim and Erlich, Ann. Rev. BiochenL, 61: 
13M56 (1992); GiUiland era/,, Proc. Natl. Acad. Sd., 87: 2725-2729 (1990); 
Bevan e/ oL^ PGR Methods and Applications, 1 : 222-228 (1992); Green et al, 
5 PGR Methods and AppKcations, 1 : 77-90 (1991); BlackweU et al. Science, 250: 

1104-1110(1990). 

Hie widespread applications of nucleic acid amplification tedmiques 
has driven the development of instrumentation for carrying out the anq>lification 
nsactioiis under a variety of dicurostances. Important design goals for such 

10 instrument development have included fine temperature control, minimization 

of sanq^le-to-^sample variability in multi-sample thermal cycling, automation of 
pre- and post-reaction processing steps, high speed temperature cycling, 
minimization of sample volumes, real time measurement of amplification 
products and minimization of cross contamination, for example, due to "sample 

15 canyover^ In particular, the design ofinstnmients pennitting amplification to 

be carried out in closed reaction chambers and monitored in real tune would be 
highly desirable for preventing cross-contamination. Higuchi e 
Biotechnology, 10: 413-417 (1992) and 11: 1026-1030(1993); and Holland 
a/.,Proc. Natl. Acad Sci., 88: 7276-7280(1991). Clearly, the successfiil 

20 realization of such a design goal would be especially desirable in the analysis of 

dia^ostic san4>les, where a high frequency of fidse positives and false 
negatives, for example caused by **$ample carryover**, would severely reduce 
the value of an amplification procedure. Moreover, real time monitoring of an 
amplification reaction permits far more accurate quantification of starting target 

25 DNA concentrations in multiple-target amplifications, as the relative values of 

close concentrations can be resolved by taking into account the history of the 
relative concentration values during the reaction. Real time monitoring also 
permits the efficiency of the amplification reaction to be evaluated, which can 
indicate whether reaction inhibitors are present in a sample. 
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Thiee main &ctois influence the utility of reporter^uencher molecule 
pairpiobes in hybridizationandanvlification assays. The finrt fector is the 
cflFectivencss of the quencher molecule on the probe to quench the reporter 

molecule. Tins fim fi«aor, heitin dedgnated ^lCr^ can be cha«^^ 

nttio of the fluorescent oniadons of the rqwrtcr molecule to the quoKher 
molecule ^ theprobe is not hybridized to a complementary polynucleotide. 
That is, RQ- is the ratio of the fluorescent emissions of the reporter molecule to 
the fluorescence of the quencher molecule ivhen the oligomicleotide probe is in 
asingle-stmndedstate. Influences on the value ofRQ' include, for example, the 
l»ticular reporter and quencher molecules used, the spacing between the 
reporter and quencher molecules, nucleotide sequence-specific effects, and the 
degree of flexibility of stmctures, c.g.. linkers, to which the reporter and 

quenchermoleculesareattached,andthepresenceofimpurities. Woero/.. 
Anal. Biochem., 218: 1-13 (1994); and Clegg. Meth. Enzymol.. 21 1 : 353-388 

(1992). A related quantity RQ*. refers to the ratio of fluorescent emissions of 
the reporter molecule to the quencher molecule when the oligonucleotide probe 
is hybridized to a complementary polynucleotide. 

A second fector is the eflSdency of the probe to hybridize to a 
complementary polynucleotide. This second £ictor depends on the probe's 
mdting ten^^ature, T„, the presence of a seconda^ 
target polynudeotide, the amiealing tempenrture. and other re^^ 

A third fiuaor is the efiSdency with which the DNA polymer 
exonudease activity deaves the bound probe between the reporter molecule and 
quendier molecule. This efficiency depends on sudi fiwjtois as the proximity of 

the reporter or quencher to the 5- end of the probe, the "bulkiness" of the 
reporter or quencher, and the degree of complementarity between the probe and 
target polynucleotide. Lee et al., Nucldc Acids Research, 21: 3761-3766 
(1993). 

Since quenching depends on the physicd proximity of the reporter 
molecule to the quencher molecule, it was previously assumed that the quendjcr 
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and iqx>rter molecules must be attadied to the probe such that the quencher 
molecule remains at all times within the maximum distance at which the 
quencher molecule can quench the reporter molecule, this distance generally 
being a sqparation of about 6*16 nucleotides. Lee etoL Nucleic Acids 
S Research, 21: 3761-3766 (1993); Mergny et al.. Nucleic Acids Research 22: 

920-928 (1994); CaiduUo ei al,. Proa Natl. Acad Sci^ 85: 879(«794 (1988); 
Clegg ei al,, Proc. Natl. Acad. Sci., 90: 2994-2998 (1993); and Ozald eial.. 
Nucleic Acids Research, 20: S205-S214 (19^). This sfaM sq>aration between 
tiie rq)orter molecde and the quendier molecute is typical 

10 attaching one member of the reportcr-Hjucncher pair to the 3' y end of the 

irobe and the other monba to an intcaiia] 

There are at least two significant disadvantages associated with attaching 
a rqx)rter or quencher molecule to an internal base. Attaching a reporter or 
quencher molecde to an uitenial nucleotide ^caUy ^ 

IS chemistiy than the chemistry required to attach t^^ 

nucleotide. In additioii,altacfanient of a reporter or q^^ 
internal nucleotide can adversely afifect tte hybridization ^ 
probe. Ward er of., U. S. Patem 5328,824; and Ozaki e/ ot^ 
Research, 20: 5205-5214 (1992). 

20 A need currently exists for effective oligonucleotide probes containing a 

fluorescent reporter molecule and a quencher molecule for use in hybridization 
aiid nucleic acid amplification assays. Accordirigly, a need exists fm*^^^ f 
which exhibit distinguishable fluorescence characteristics viben hybridized arkl 
not hybridized to a target nucleic acid seqtience. A fiirther need exists 

25 where the reporter molecule and quencher moiecde are positioned o^^ 

such that the quencher molecule can effectively quench the fluorescence of the 
reporter molecule. A further need exists for probes which are efficiently 
synthesized. Yet a further need exists for the reporter molecule and quencher 
molecule to be positionable on the probe such that the reporter and quencher 

30 molecules do not adversely impaa the hybridization efficiency of probe. These 



-6- 



wo 96/15270 



FCT/US9S/I4882 



and further objectives are provided by the probes and methods of the present 
inveation. 



SUMMARY OF THP. iMVPKpr^^i^ 
Hie present invention relates to an oUgonucleotide probe which includes 
a fluorescenttqjoiterniolecdeandaquenchermoleculccapa^ 
the fluorescence of the rqnrter molecule. Acconling to the pnsent invention, 
the oUgonucleotide probe is constructed such that the probe exists in at least one 
single-stnmded confonnation when unhybridized 
is near enough to the reporter molecule to quench the fluorescence of the 
iqx>rtermolecule. The oUgonucleotide probe also exists in at least one 
conformation when hybridized to a target polynucleotide where the quencher 
molecule is not positioned dose enough to the reporter molecule to quench the 
fluorescenceof the reportermolecule. By adopting these hybridized and 

unhyhridized conformations, the reporter molecule and quencher molecule on 
the probe exhibit different fluorescence signal intensities when the probe is 

hybridized and unhybridiad As a result, it is possibte 

probe is hybridized or unhybridized based on a change in the fluorescence 

intensity of the reporter molecule, the quencher nK)l«^^^ 

thereof In addition, because the probe can be designed such that the quencher 

molecule quenches the reporter molecule when the probe is not hybridized, the 
probe can be designed such that the reporter molecule exhibits Umited 

fluorescence until the probe is either hybridized or digested. 

According to the present invention, the fluorescence intensity of the 
reporter molecule is preferably greater than the fluorescence intensity of the 
quencher molecule when the probe is hybridized to die target polynucleotide. 
The fluorescence intensity of the reporter molecule is more preferably at least 
about a factor of 3.5 greater than the fluorescence intensity of the quencher 
molecule when the probe is hybridized to the target polynucleotide. 
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Tlie fluoiesceace intensity of the oligonucleotide piobe hybridized to the 
target polynucleotide is also preferably at least about a fector of 6 greater than 
the fluorescence intensity of the oligonucleotide probe when not hybridized to 
tiM target polynucleotide. 

The reporter nwlccule is prefeR*ly sepanrted fiom the qu^^ 
iiwlecde by at l«« abo« 15 nudeotides. mo« prefarijly 1^ 
nucleotides. The rqwrter molecule is pitfcnrtrfy separated fiom the quencher 

molecule between about 1 5 and 60 nucleotides, more piefenAIy b^ 
about 18 and 30 nucleotides. 

The rqxwter molecule is preferably attached to either the 3' or 5' 
temrinalnucleotidesofthep«*e. Theqt^chermoleculeis^ 
attached to dther the 3' or 5' terminal mudeotides of the probe. More 
preferably, the r^ter and quencher molecules are attached to the 3' and 5' or 5' 
and 3' terminal nucleotides of the probe respectively. 

The rqxater molecule is preferably « fluorescein dye and the quencher 
molecule is preferably a rhodamine dye. 

In one embodiment, the oUgooudeotide probe of the present inventi^^ 
immobilized on a soKd support The oligonudeo^^^ 

<««ctly to the soKd support, for example by attadmumt of the 3' or 5' t« 
nucleotide of the probe to the solid support More preferably, however, the 
probeisattachedtothesoUdai^byaliaker. The linker serves to disumce 
theprobefiomthesoUdsupport The linker is most preferably at least 30 atoms 
in length, more preferably at least 50 atoms in length. 

A wide variety of linkers are known in the art which^m^^ 
attach the oKgonudeotide probe to the solid support. TT» Ih^ 
includes a functionalized polyethylene glycol because it does not significantly 

interfere with the hybridization of probe to the target oligonucleotide, is 
commerciaUy available, soluble in both organic and aqueous media, easy to 

fimctionalize, and completely stable under oligonucleotide synthesis and 
30 post-synthesis conditions. 
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The linkages between Ac soUd support, the li^ 
preferably not cleaved during removal of base protecting groups under basic 
conditions at high tenqmature. Examples of preferred linkages include 
carbamate and amide linkages* 
S The piesem invention also relates to tiie use ofthe oligonucleotide probe 

as a IqrbridiiHdon probe to detect target polynucleotides. Aocordin{^y» the 
present invention ntlates to a l^bridization assay for detecting 
target polynucleotide in a satq>le. In one embodiment of the method, the 
hybridization probe is immobili2sed on a solid siqpport 

10 According to the method, an oligonucleotide probe of the present 

invention is contacted with a sample of polynucleotides under conditions 
favorable for Iqimdization. The fluorescence signal of the reporter molecule 
before and after being contacted witii the sample is conqiared. Since the 
reporter molecule on fhe probe exhibits a greater fluorescence signal i^en 

IS hybridized to a target sequence, an inorease in the fluorescence signal aft^ 

probe is contacted with the sanqsle indicates the hybridization of the probe to 
target sequences in the sample, thereby iiidicatixig the pressure of t^ 
seqiiences in the sample. Quantification of the charge in fluorescence intent 
as a result of the probe beirig contacted with Ae sample can be used to quant^ 

20 the amount oftarget sequences present in the sample. 

The presem invention also relates to the use of the oligonucleotide probe 
for monitoring nucleic acid amplification. Accordingly, the present invention 
relates to a method for monitoring nucleic add amplification by performing 
nucleic acid anq^lification on a target sequence using a nucleic acid polymerase 

25 having S*<* 3* nuclease activity, a primer ci^ble of hybridizing to the target 

sequence and an oligonucleotide probe according to the present invention v^liich 
is capable of hybridizing to the target sequence 3* relative to the primer. 
According to the method, the nucleic acid polymerase digests the 
oligonucleotide probe during amplification vdien it is hybridized to the target 

30 sequence, thereby separating the reporter molecule fi-om the quencher molecule. 
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As the amplification is conducted, the fluorescence of the reporter molecule is 
monitored, the generation of fluorescence corresponding to the occumence of 
nucleic acid amplification. Accordingly* the amount of amplification performed 
can be quantified based on the change in fluorescence observed. It is noted that 
5 tbe fluorescence of the quencfaa molecule may also be monitored, either 

sq>arately or in combination witfa the reporter molecde, to detect 82^ 

BRIEF DESCMPTIQN PF THE nOURES 
Figure 1 illustrates a method tot real-time monitoring nucleic acid 
10 anq>lification utilizing a psctot vMdt is degraded by die 5' 3* exonuclease 

activity of a nucleic acid polymerase. 

Figure 2 iUustrates a probe according to the present invention 
immobilized to a soUd support in hybridized and unhybridL 

IS DETAILED PESCRIPTIQN 

Tbe present invendon relates to an oligonucleotide probe which inclw 
a fluorescent rq)orter molecule and a quencher molecule capable of quench 
the fluorescence ofthe reporter molecule. According to the present invention, 
the oUgon^Jcleotide probe is constructed such that the probe exists ^ 

20 single-stranded conformation vdien unhyfaridized where the quencher molecule 

is near ^ugh to the rq)orter molecule to quench the fluorescence of the 
reporter molecule. Theoligonucleotideprobealsoexistsin at least one 
conformation vibsn hybridized to a target polynucleotide such that the quencher 
molecule is not positioned close enough to the repeater molecule to quench the 

25 fluorescence of the reporter molecule. By adopting these hybridized and 

unhybridized conformations, the reporter molecule and quencher molecule on 
the probe exhibit different fluorescence signal intensities when the probe is 
hybridized and unhybridized. As a result, it is possible to determine whether the 
probe is hybridized or unhybridized based on a change in the fluorescence 

30 intensity of the reporter molecule, the quencher molecule, or a combination 
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thereof. In «d<«tion. because the probe can be designed such th^ 
molecule quenches the reporter molecule when the probe is not hybridized, the 
probe can be designed such that the reporter molecule exhibits limited 
fluorescence unless the probe is either hybridized or digested. 

According to the present invention, the fluorescence intensity of the 
reporter molecule is prefcnibly greater than the fluorescence intern^ 
quencher rnolecule when the probe is hybridized to the target poIym«^ 
The fluorescence mtensity of the reporter molecule is more preferably at least 
about a fitetor of 3 J greater than the fluorescence mtensity of the quencher 
molecule when the probe is hybridized to the target polynudw^^^ 

TTie fluorescence intensity of the oligonucleotide probe hybridized to the 
target polynucleotide is also preferably at least about a &ctor of 6 greater than 
the fluorescence imensior of the oligonucleotide probe when not hybridized to 
the target polynucleotide. 

The reporter molecule is preferably separated fiom the quencher 
molecule by at least about 15 micleotides, more preferably at leas^ 
nucleotides. The reporter molecule is piefend>ly separated fitnn the qu« 
molecule by between about 15 and 60 nucleotides, more preferably between 
about 1 8 and 30 nucleotides. 

Hie reporter molecule is preferably attached to either the 3' or 5' 
twminal nucleotides of the probe. The quencher molecule is also preferably 
attached to either the 3' or 5' terminal nucleotides of the probe. More 
preferably, the reporter and quencher molecules are attached to the 3' and 5' or 5' 
and 3' terminal nucleotides of the probe respectively. 

The reporter molecule is preferably a fluorescein dye and the quencher 
molecule is preferably a rhodamine dye. 

In one embodiment, the oligonucleotide probe is attached to a solid 
support. As illustrated in Figure 2, when the probe is unhybridized. the probe is 
able to adopt at least one single-stianded conformation such that the quencher 
molecule is near enough to the reporter molecule to quench the fluorescence of 

-11- 
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the reporter molecule. As finther illustrated in Figure 2, when the probe is 
hybridized to a target sequence, the probe adopts at least one confonnation 
where the quencher molecule is not positioned close enough to the reporter 
molecule to quench the fluorescence of the reporter molecule. As a result, the 
fluorescence intensity of the reporter molecule increases when the probe 
iQ^bridizes to a target sequence. 

As illustrated in Figure 2, diflferent probes may be attached to the solid 
sappon and may be used to simultaneously detect different target sequences in a 
sample. Reporter molecules having diflBaait fluorescence wavelengths can be 
used on the different probes, thus enabling hybridi2aition to the differem probes 
to be separately detected. 

Examples of preferred types of solid supports for immobilization of the 
oligonucleotide probe include controHed pore glass, glass plates, polystyrene, 
avidin coated polystyrene beads, cellulose, lylon, aciyhunide gel and activatcsd 
dextran. CPG, glass plates and high cross-linked polystyrene. These solid 
aqjports are preferred for hybridization and diagnostic studies because 
chemicd stabi%, ease of functionalization and weU defined surfece area. 
SoUd supports such as controlled pore glass (CPG, 500 A, 1000 A) and 
non-swelling high cross-linked polystyrene (1000 A) are particularly preferred 
in view of dieir compatibility with oUgonucIeotide synthesis. 

The oUgonucleotide probe may be attadied to the solid support in a 
variety of manners. For example, the probe may be attached to the solid support 
by attachment of the 3' or 5* terminal nucleotide of the probe to the soUd 
support More preferably, however, the probe is attached to the solid support by 
a Imker M*ich serves to distance the probe fiom the solid support The linker is 
most preferably at least 30 atoms in length, more preferably at least 50 atoms in 
length. 

The length and chemical stability of linker between solid support and the 
first 3' unit of oligonucleotides play an important role in efficient synthesis and 
hybridization of support bound oligonucleotides. The linker arm should be 

-12- 
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sufBdently long so that a high yield (>97%) can be achieved during automated 
synthesis. Tl>e««iuired length ofthe linker ^depend on the pa^^ 
support used. For example, a six «om linker is geneiaUy sufficiem to achieve a 
>97%yidd during automated synthesis of oMgonucleotides M*en high 
ooss-linkedpolysiyitmeisusedasthesolidsupport TT« linker am, is 
pnrferBblyatleast20atomsloogmordertoattainaW^^ 
automated synthesis i«hen CPG is used as the solid soppott 

Hybridization of a probe famnoWlized to a soUd support generally 
requires that the probe be sq«ated fiom the soUd s^^ by « least 30 atoms 
morepreferablyatleastSOatoms. In order to achieve this separation, the link^ 
genendly includes a n>acer positioned between the linker and the 3' nucleoside 
For oligonucleotide synthesis, the Imker aim is usually attached to the 3'<>H of 
the 3- nucleoside by an ester linkage which can be cleaved with basic reagems to 
free the oHgonucleotide from the solid siqjport 

A wide variety of linkers are known in the art which may be used to 
attachtheoUgonucleotidepiobetothesoHdsupport. The Imker may be fomied 
ofanycompoundwhichdoesnotsignificanUyimerfeicwiththehybridiz^^ 
ofthe target sequence to the probe attached to the solid support. TTie linker may 
be formed of a homopolymeric oUgonucleotide which can be readily added on 
to the linker Iv automated synthesis. Altern^ 
ftnctionalized polyethylene glycol can be used as the lu^^^ 
preferred over homopolymeric oligonucleotides because they do not 

significantly interfere with die hybridization of piobe to the target 
oligonucleotide. Polyetiiylene glycolisparticutarlypreferml because it is 
commercially available, soluble in bod, organic and aqueous media, easy to 

fiinctionalize, and completely stoble under oligonucleotide syntiiesis and 
post-synthesis conditions. 

Thelinkages between tire solid support, die anker and tiie probe are 
prefembly not cleaved during removal of base protecting groups under basic 
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conditions at high temperature. Examples of prefened linkages include 
carbamate and amide linkages. 

The oUgonucleotide probe of the present invention may be used as a 
hybridization probetodetecttargct polynucleotides. Accoidingly. the present 
invention relates to a hybridization assay for detecting the presence of a taiget 
polynucleotide in a sample. According to the method, an oUgonucleotide probe 
of the present invention is contacted with a sample of nucleic adds under 
conditions ftvorable for hybridizatioa The fluorescence signal of the reporter 
molecule is measured before and after bemg contacted with the sample. Since 
the reporter molecule on the probe exhibits « greater fluorescence signal when 

hybridized to a target sequence, an increase In the fluorescence signal after t^^ 
probe is contacted with the sample indicates the hybridization of the probe to 

target sequences in the sample and hence the presence of target sequences in the 
sample. Further, by quantifying the change in fluorescence intensity as a result 
of the probe being contacted with the sample, the amount of target sequences in 
the sample can be quanti&d. 

According to one embodiment of the method, the hybridization probe is 
immobilized on a solid support. The oUgonucleotide probe is contacted with a 

sample of nucleic acids under conditions fevorable for hybridization. The 
fluorescence signal of the reporter molecule is measured before and after being 
contacted with the sample. Since the reporter molecule on the probe exhibits a 
greaer fluorescence signal whefi hybridized to a target sequence, an increase in 
the fluorescence signal after the probe is contacted with the sample indicates the 
hybridization of the probe to taiget sequences in the sample. ImmobUization of 
the hybridization probe to the solid support enables the target sequence 
hybridized to the probe to be readily isolated ftom the sample. In later steps, the 
isolated target sequence may be separated from the soUd support and processed 
(e.g., purified, amplified) according to methods well known in the art depending 
on the particular needs of the researcher. 
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The oligonucleotide probe of the present invention may also be used as a 
probe for monitoring nucleic acid ampUfication. Accordingly, the present 
invention relates to a method for monitoring nucleic acid amplification using an 
oligonucleotide probe according to the present invention which is capable of 
hybridizing to the target sequence 3' relative to an amplification primer. 
According to the method, nucleic acid ampUfication is performed on a target 
polynucleotide using a nucleic acid polymerase having 5'- 3' nuclease activity, a 
primer c^iable of hybridizing to the target polynucleotide, and an 
oligonucleotide probe according to the present invention capable of hybridizing 
to the target polynucleotide 3' relative to the primer. During amplification, the 
nucleic acid polymerase digests the oligonucleotide probe when it is hybridized 
to the target sequence, thereby separating the reporter molecule from the 
quencher molecule. As the ampKfication is conducted, the fiuorescence of the 
reporter molecule is monitored, the generation of fluorescence corresponding to 
the occurrence of nucleic acid anq)lification. 

Use of a reporter-quencher pair probe generally m coiqunction with the 
amplification of a target polynucleotide, for example, by PCR, e.g., is described 
in many references, such as Innis et al., editors, PCR Protocols (Academic 
Press, New York. 1989); Sambrook e/ a/.. Molecular Cloning, Second Edition 
(Cold Spring Harbor LaborBtory, New Yoric, 1989), each of which are 
incorporated herein by refiaence. The binding site of the oligonucleotide probe 
is located between the PCR primers used to amplify the target polynucleotide. 
Preferably, PCR is canned out using Taq DNA polymerase, e.g., Amplitaq™ 
(Peridn-Ehner, Norwalk, CN), or an equivalent thermostable DNA polymerase, 
and the annealing temperature of the PCR is about 5-1 0»C below the melting 
temperature of the oligonucleotide probes employed. 

Use of an oligonucleotide probe according to the present invention for 
monitoring nucleic acid amplification provides several advantages over the use 
of prior art reporter^juencher pair probes. For example, prior art probes 
required that the reporter and quencher molecules be positioned on the probe 
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20 



25 



30 



such that the quencher molecule remained whhin a minimum quenching 

distanceoftheiqxmermolecule. Holder, by realizing that the p«be need 

only be designed such that the probe be ri,le to «lopt a confonnation ^vhere 
quencher molecule is vvithin a minimum quenching distance of the reporter 

5 moleculcafiu-Madaatnyofprobesareenabled. For example, dually labeUed 

im)bes having the reporter and qu«icher molecules at the 5' and 3' ends c^ 
designed. Suchprobesarefceasiertosynthesiathanpiobesw^ 
reporter molecule or the quencher molecule is attached to an Intetml nucleotide. 
Positioning of the «Porter and quencher molecules on temiinal nucleotides also 
JO enhance the hybridization efficiency of the probes. 

As used in this appHcation, the temi "oUgonucleotide^ includes linw 
oligomers of natural or modified monomere or linkages, including 

deoxyribonucleosides, ribonucleosides. and the lite; capable of specific 
binding a target polymicleotide by way of a regular pattern of monomer-U^ 
15 interactions, such as Watson<Wck type of 

Usually monomers are linked by phosphodiester bonds or analogs thereof to 
form oligonucleotides nmging in size fiom a few monomeric units. e.g., 3-4. to 
several tens of monomeric units. Whenever an oligonucleotide is represerted 

by a sequence of letters, such as "ATCSCCTG^ it will be understood th« th^ 
nucleotides are in 5' - 3' order fiom left to light and that "A- denotes 
deoxyadenosine. T" denotes deoxycytidine. 'H3''^A^^^ 

T" denotes tiiymidine, unless otiwrwise noted. Analogs of phosphodiestcr 
linkages include phosphorotiuoate. phosphoioditiiioate. phosphoraniUdate. 
phosphoiamidate. and the like. Generally. oUgonucleotide probes of tiie 
invention will have a sufBciem number of phosphodiestcr linkages adjacent to 
its 5- end so tiutt tiie 5' 3' exonuclease activity employed can efficientiy 
degrade die bound probe to separate die reporter and quencher molecules. 
"Perfectiy matched" in reference to a duplex means tiiat the poly- or 

oligonucleotide strands making up tiic duplex form a double-stranded structure 
with one other such tiiat every nucleotide in each stiand undergoes Watson- 
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Crick basepairing with a nucleotide in the other strand. The tenn also 
comprehends the pairing of nucleoside analogs, such as deoxyinosine, 
nucleosides with 2-aniinopurine bases, and the like, that may be employed. 
Conversely, a "mismatch" m a duplex between a target polynucleotide and an 
oligonucleotide probe or primer means that a pair of nucleotides in the duplex 
fiuls to undergo Wats(Mi-Crick bonding. 

As used in the iq)plication, "nucleoside" includes the natural 
nucleosides, including 2'-deoxy and 2'-hydroxyI forms, e.g., as described in 
Komberg and Baker, DNA RepMcation, 2nd Ed. (Freeman, San Francisco, 
1992). "Analogs" in reference to nucleosides includes synthetic nucleosides 
having modified base moieties and/or modified sugar moieties, e.g., described 
by Scheit, Nucleotide Analogs (John Wiley, New Yoric, 1980); Uhlman and 
Peyman, Chemical Reviews, 90: 543-584 (1990), or the like, with the only 
proviso that they are capable of specific hybridization. Such analogs include 
synthetic nucleosides designed to enhance binding properties, reduce 
degeneracy, increase spedficity, and the like. 

Oligonucleotide jwobes of the mvmtion can be synthesized by a number 
of approaches, c.g., Ozaki et al.. Nucleic Acids Research, 20: 5205-5214 
(1992); Agrawal era/., Nucleic Acids Research, 18: 5419-5423 (1990); or the 
like. The oligonucleotide probes of tiie invention are convenientiy syntiiesized 
on an automated DNA synthesizer, e.g., an Applied Biosystems, Inc. (Foster 
City, CaHfomia) model 392 or 394 DNA/RNA Syntiiesizer, using standard 
chemistries, such as phosphoramidite chemistry, e.g., disclosed in die following 
references: Beaucage and Iyer, Tetrahedron, 48: 2223-231 1 (1992); Moiko c/ 
al., U. S. Patent 4,980,460; Koster et al, U. S. Patent 4,725,677; Caruthers et 
al, U. S. Patents 4.415,732; 4.458,066; and 4,973,679; and the like. Alternative 
chemistries, e.g., resulting in non-natural backbone groiq>s, such as 
phosphorotiiioate, phosphoramidate, and the like, may also be employed 
provided that tiie hybridization efficiencies of tiie resulting oligonucleotides 
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and/or cleavage efficiency of the exonuclease employed are not adversely 
affected. 

Preferably, the oUgonucleotide probe is in the range of 15-60 nucleotides 
in length. More preferably, die oligonucleotide piobe is in the range of 18-30 
nucleotides in length. Tbc precise sequence and length of an oligonucleotide 
probe of die mvention depends in part on the nature of the target polynucleotide 
to which it binds. The binding location and length nuiy be varied to ac^ 
appropriate annealing and melting properties for a pnticular embodiment. 
Guidance for making such design choices can be found in many of the above- 
cited references describing die Taq-man" type of assays. 

Preferably, the 3' terminal nucleotide of d» oUgonucleotide probe is 
blocked or rendered incapable of extension by a nucleic acid polymerase. Such 

blocking is convenienUy carried out 1^ ttK attachmem of a reporter or quenchCT 
molecule to die terminal 3' carbon of dje oUgonucleotide probe by a linking 
moiety. 

Preferably, reporter molecules are fluorescent organic dyes derivatized 
for attachment to die terminal 3' carbon or terminal 5' carbon of theprobe Viaa 
linking moiety. Preferably, quencher molecules are also organic dyes, which 

may or may not be fluorescent, depending on die embodiment of djc mvention. 
For exanq>le» in a preferred embodimem of die invention, die quencher 

molecule is fluorescent Generally whedier die quencher molecule is 
fluorescent or simply releases die transfemd energy fiom die reporter by non- 
radiative decay, die absorption band of die quencher should substantially 
overiiq) die fluorescent emission band of die reporter molecule. Non- 
fluorescem quencher molecules dua absorb energy from excited reporter 
molecules, but which do not release die energy radiatively, are referred to in die 
application as chromogenic molecules. 

There is a great deal of practical guidance available in die literature for 
selecting ^ipropriate reporter-quencher pairs for particular probes, as 
exemplified by die following references: Clegg (cited above); Wu et ai (cited 

-18- 



wo 96/15270 



above); Pesce et al, editors. Fluorescence Spectroscopy (Marcel Dekker, New 
York, 1 971 ); White */ <rf.. Fluorescence Analysis: A Practical Approach 
(Marcel Dekker, New York, 1 970); and the like. The literature also includes 
references providing exhaustive lists of fluorescent and chromogenic molecules 
S and their relevant optical properties for choosing reporter-quencher pairs, e.g., 

Berbnan, Handbook of Fluorescence Spectra of Aromatic Molecules, 2nd 
Edition (Academic Press, New York, 1971); GrtfSths, Colour and Constitution 
of Organic Molecules (Academic Press, New York, 1 976); Bishop, editor, 
IndiciOors (Pergamon Press, Oxford, 1 972); Haugland, Handbook of 

1 0 Fluorescent Probes and Research Chemicals (Molecular Probes, Eugene, 1 992) 

Prix^shcim, Fluorescrace and Phosphorescence (Interscience Publishers, New 
York, 1949); and the like. Further, there is extensive guidance in the litemture 
for derivatizing reporter and quencher molecules for covalent attachment via 
common reactive groups that can be added to an oligonucleotide, as exemplified 

IS by the following references: Haugland (cited above); Ulhnan et al , U. S. Patent 

3,996,345; Khanna et oA, U- S. Patent 4,351,760; and the like. 

Exemplary reporter^quencher pairs may be selected from xanthenc dyes, 
including fluoresceins, and liiodamine dyes. Many suitable forms of these 
compounds are widely available commercially with substituents on their phenyl 

20 moieties which can be used as the site for bonding or as the bonding 

functionality for attachment to an oligonucleotide. Another group of fluorescent 
compotmds are the m^hthylamines, having an amino group in the alpha or beta 
position. Included among such naphthylamino compounds are N 
dimethylaminonaphthyl-5*sulfonate, ]-anilino-8*naphthalene sulfonate and 2-p* 

25 touidinyl-6-naphthalenc sulfonate. Other dyes include 3-phenyI-7- 

isocyanatocoumarin^ acridines, such as 9-isothiocyanatoacridine and acridine 
orange; N-(p*(2*benzoxazoIyl)phenyl)maleimide; benzoxadiazoles, stilbenes, 
pyrcnes, and the like. 

Preferably, reporter and quencher molecules arc selected from 

30 fluorescein and Aodamine dyes. These dyes and appropriate linking 
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''''^'■t-''a^»'a.(cilci.l«^);M^a«oa^, 7-299. 
.303 (1975); Uc^„al, V. S. P«« 5.IM.934: M«*a.«^. E„™p«, 

PCT/US9(M)5565. ■n« l««<bu,d.c™«s„ta.fc,i.,«p^fc, 
reference. 

There are n^ny linldng moieties and met^ 
«porteror<p«ocher»oleculestothe5'or3'temu„^^ 
exemplified by tl« folloMdng references: Eck«ein. ediu^^ 
Anal<^: A Pn«*ical App„«ch (IRL P^ss. Oxfo^ 
Nucleic Acids Researeh. 15:5305-5321 (1987) (3' thiol group on 
oUgonucleotide); Shanna e/oi. Nucleic Acids Researeh. 19: 3019 (1991) (3' 

sul^do-I); Giusti e,«/.. PCRMethods«xl AppUcations, 2: 223-227 (1993) 
aiKi Fung e/ a/.. U. S. Patent 4. 757.141 (5' pho^rf^ 

Aminolink^ n available fitmi AppUed Biosystems. Foster C^^ 
Stabinsky. U. S. P«ent 4.739.044 (3' «ninoalkyIpho^horyl group)- Agra^ ei 
«/., Tetrahedron Utters. 31 : 1543-1546 (1990) (attachment 
Phosphoramidate linkages); Sproat N«:Ieic Acids Researeh. 15: 4837 
(1987) (5- mercapto group); Nelson etal.. Nucleic Acids Research. 17- 7187- 
71 94 (1989) (3- amino group); and the like. 

I^feiBbly. commereiaUy available linking moieties are ^^^^ 
can be attached to an oUgonucleotide during syndesis. e.g.. available fiom 
Clontech Laboratories (Palo Aho, CA). 

RlKKlaminc and fluorescein dy^ 
hydmxyl of an oligonucleotide at ti,e conclusion of soHd phase syntiiesis by 

wayofdyesderivati2ed>viti,aphosphoramiditemoiety.e.g.. Woo«fl/..U S 
Patent 5.231, 191; and Hobbs. Jr.. U. S. Patent 4.997.928. 

The following examples set forUi probes and metfiods for using tiie 
probes according to die presem invention. It is understood tiuit die specific 
probes, probe constructs and steps of die methods described in tiiese examples 
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are not intended to be limiting. Further objectives and advantages of the present 
invention other than tiiose set fiwth above will become q>parent fiom the 
examples which are not intended to limit the scope of the present invention. 

EXAMPT,RS 

1. Synthesis of OligonuclMirtHi. Prr^ 

The following example describes the synthesis of the oligonucleotides 
shown in Table 1 . Linker arm nucleotide ("LA^T) phosphoramidite was 
obteined from Glen Research. Standard DNA phosphoramidites, 6^ 
carboxyfluorescein C*6-FAM") phosphoramidite, 6- 
caiboxytetramethylrhodamine succinimidyl ester ("TAMRA NHS ester'O, and 
PhosphalinkTM for attaching a 3' blocking phosphate were obtained from Perkin- 
Ehner, Applied Biosystems Division. Oligonucleotide iqaithesis was performed 
on a model 394 DNA Synthesizer (AppUed Biosystems). Primer and 
complement oligonuclec^des were purified using Oligo Purification Cartridges 
(Applied Biosystems). Doubly labeled probes were synthesized with 6-FAM- 
labeled phosphoramidite at the 5* end, LAN replacing one of the T's in the 
oligonucleotide sequence, and Phosphalink™ at the 3' end. Following 
deprotection and etfaanol precipitation, TAMRA NHS ester was coupled to the 
LAN-containing oligonucleotide m 250 mM Na-bicarbonate buffer (pH 9.0) at 
room temperature. Unreacted dye was removed by passage over a PD- 10 
Sephadex column. Finally, the doubly labeled |Wobe was purified by 
preparative HPLC using standard protocols. Below, probes are named by 
designating the sequence from Table 1 and the position of the LAN-TAMRA 
moiety. For example, probe Al-? has sequence of Al with LAN-TAMRA at 
nucleoside position 7 from the S' end. 
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Table!. Sequences of oligonucleotides 



1 Nmdc 


i Tvn# 

1 *yp^ 


\ Sequence 


If119 


1 primer 


ACCCACAGGAACTGATCACCACTC 
I [SEQ. ID. No.; IJ 


|r119 


1 primer 


1 ATGTCGCGTTCCGGCTGACGTTCTGC ~~ 
j [SEQ. ID. No.: 2] 


P2 


1 probe 


1 TCOCATIACTGATCGTTGCCAACCAGJo 
1 [SEQ. ID. No.; 3] 


P2C 


1 complement 


1 GTAGTGGTTGGCAACGATCAGTAATGCGATG 
j [SEQ . ID. No : 4] 




1 probe 


1 COQATTTGdOGTATCTATGACAAOGAlD 
1 [SEQ. ID. No.; 5] 


[P5C 


j complement 


TTCATCCTTGTCATAOATAGCAGCAAATCCG 
I [SEQ. ID. No.; 6] 


1 AFP 


1 primer 


1 TCACCCACACTGTGCGCATGTACGA 
[SEQ. m. No.: 7] 


ARP 


1 primer 


I CAGCGGAACCGGTCATTGCCAATGG 
[SEQ. ID. No.; 8] 


Al 


j probe 


1 AIGCCCICCCCCAIGCCAICCIGCGID 
[SEQ. ID, No.: 9] 


AlC 


complement 


1 AGACGCAGGATGGCATGGGGGAGGGCATAC 
[SEQ. ID. No.: 10] 


A3 


probe 


I CGCGCIOGAdTCGAGCAAGAGAlQ 
|[SEQ.ID.No.:llJ ' 


A3C 1 


complement 


CGATCTCTTGCTCGAAGTCCAGGGCGAC 
1 [SEQ. ID. No.: 12] 


Gl 


probe 


1 CAAGCTTCCCGTTCrcAOCCT 
[SEQ. ID. No.: 13] 


GIC 1 


complement 


ACCGTCAAGQCTGAGAACGGGAAGCTTGTC 
[SEQ. ID. No.: 14] 
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Table 2. 




NHFmoc 



DMTO 



HOBT, HBTU, DIPEA, 

i)£-Homoserine 
0 




NHFrnoe 



CO2H 
2 

DMT<:i,DMAP.pyr 
O 




NHFinoc 



CO2H 



DMTO 



OMTI 



Poly(ethylene glycol) bis(2-aniinoethyl ether) 
HOBT, HBTU, DIPEA, DMF 




NHFmoc 



Succinic anhydride, DMA?. E|N,CHja2 





HFmoc 




23 



WO9M5J70 



PCT/US9S/14tt2 




WOW15270 



PCT/US9S/14892 




wo 9605270 



PCr/US95/14«82 



2. Synthesis of Oligonucleotide Probes Attached To A Solid Support 

Boih high cross-linked polystyrene (1000 A) and controlled pore glass (CPG) 
(500 A) are used as solid siq^port matrices. The fiinctionalization of a spacer (compound 
S 5) is illustrated in Table 2. The attachment ofthe spacer to polystyret^e and CPG 

s\^>ports, and the labelling of the solid supports with TAMRA dye is shown in Tables 3 
and 4 respectively. 

Table 2 illustrates a reaction scheme for the ^Trfhesis of a spacer, compound 5, 
which is used to derivatize CPG and polystyrene siq>ports. As shown in Table 2, N- 

10 Fmoc-*e-aminocq>roic acid was reacted witii Z>I-homoserine in presence of 

HOBT/HBTU/DIPEA (Knorr, ct si TetnAedronLen, 1989, 30, 1927) in DMF to give 
compound 2 in 65% yield. Compound 2 was reacted with dimethoxytrityl chloride in 
presence of DMAP in pyridine to give compound 3 in 72% yield after chromatography. 
Treatment of compound 3 with a large excess of PEG-diamine (Bucknuum, et al., 

15 Rinti^h Appl. Biochem 1987. 9. 258^ in presence of HOBT/HBTU/DIPEA in DMF 
afforded amine 4 in 60% yield. The amine 4 was then converted to succinate 5 by 
treating amine 4 wiih succinic anhydride/EtjN/DMAP m CH2CI3 in 90% yield. The 
succinate 5 was then attached to polystyrene and CPG support as illustrated in Tables 3 
and 4 respectively without further purification. 

20 As illustrated in Tables 3 and 4, succinate 5 was separ^ 

polystyrene and CPG support in presence of HOBT/HBTU/DIPEA in DMF to provide 
fimctionalized support 6 (5 ^mol/g loading) and functionalized siqpport 8 (IS \moVg 
loading) respectively. The Fmoc group was removed from support bound spacer by 
treating supports 6 and 8 with 20% piperidine in DMF (Fields, et al., J. Peptide RcSt 

25 1990, 35, 161) to give amine which was reacted with TAMRA hfHS ester to give 
TAMRA labeled supports 7 and 9 respectively. The polystyrene and CPG supports 
showed a final loading of 4.8 jtmol/g and 14 \moVg respectively by trityl cation assay. 

Double labeled Taqman probe was synthesized using both TAMRA labeled 
supports 7 and 9, FastPhoramiditcs (User Bulletin Number 85, Pcrkin Ehner Corporation 

30 1994) and FAM phosphoramidite (User Bulletin Number 78, Perkin Elmer Corporation 
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1994) in40nanomolscale. The s^rt bound oUgonucIeotides were deprotected by 
treating with MeOHn.BuNH,:H,0 (1:1:2) « 65 -C for 3 hours (Woo. ct al.. U.S. Patent 
No. 5^31.191). Liquid was removed and the support containing probes were washed 

with H,0:MeOH (3:1) and MeOH. The support was then dried under vacuum and used 
in a hybiidizBtiQn assay. 



Experimoital: 

Compound 2: ArMDiisopiopylethylamine (l.lg, 1.48 mL, 8.52 mmol), 1- 
hydioxybenzotriazol (420 mg. 3.1 nmiol) and (2-(lH-ben2otria2ol-l-yl).l,l,3,3. 
tetramethyluroniumhexafluomphosphate (1.17 g. 3.1 mmol) were added to a Itined 
solution of Nfinoc-e-aminocaproic acid (1 g. 2.84 mmol) in DMF (30 mL) at room 
temperature. After 15 minDI-homoserine (1.35 g, 11.36 mmol) was added to the 
reaction mixture. After 3 horns. DMF was removed under reduced pressure. Iheresidue 
was dissolved in CHCI3 (100 mL) nnd washed with 5% aqueous HCI (2 X 50 mL). The 
organic layer was dried over MgS04 and evaporated to give a thick oil which was 
trituated with ether to give a colorless soUd (840 mg. 65«/o). The product was left under 
high vacuum for 24 hours and used in the next step without fimher purification. 

Compound 3: 4,4'.Dimethoxytrityl chloride (484mg. 1.43 mmol) and 4. 
dimethyaminopyridme (25mg. 0.2 mmol) were added to a stilted solution of compound 2 
(500mg. 1.1 mmol) in pyridine (15 mL) at room temperature under nitrogen atmosphere 
After 14 hours, pyridine was removed and the residue was dissolved in CHCl, (70 mL). 
The organic layer was extracted with 5«/. aqueous citric acid (1 X 50 mL), HjO (1 X 50 
mL) and saturated brine (1 X 50 mL). The organic layer was dried over MgSO, and 
evaporated to give ayellow foam. The product was purified by a silica gel column 
eluting with CHCl3.MeOH gradient (0-1 0«/, MeOH). The appropriate fiactions were 
combined and evaporated to give Compound 3 as a coloriess foam (600 mg. 72%). 

Compound 4: Poly(ethylene glycol) bis(2.aminoethyl ether) (3.16 g, 5.3 mmol). A', A^- 
diisopropylethylamine (205 mg, 0.27 mL. 1.59 mmol). l-hydroxybenzotriazol (78 mg. 
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0.58 nunol) and (2KlH.bcn2otria2oI-l-yl>l.U>tet«methyluonium 
hexafluofophosphate (220 mg. 0.58 mmol) .^ added to a stirred solution of compound 
3(400mg.0.53mmol)inDMF(10mL)atnx,nitempe«tuTe. The reaction mixture ^ 
stinedatroomtempemtureforShours. DMF was removed under reduced pressure and, 
the residue was dissolved in CHCl, (70 mL) and washed with H,0 (1 X 50 mL) and 
saturated brine (2 X 50 mL). The organic layer was dried over MgSO, and eviqwrated to 
give athick oil. Compound 4 was purified!^ a siUca gel column duting with a CHQ^^ 
MeOH gradient (5-15% MeOH) as a coloriess glass (423 mg. 60%). 

Compomid 5: Succinic anhydride (22 mg. 0.22 mmolX Et,N (23 mg. 0.31 ^L, ^ 
nmiol).4Klimethylaminopyridme(14mg.0.11 mmol) were added to a solution of 
compound 4 (300 mg. 022 mmol) in CH,C1, (15 mL). The i««tion mixture was stirred 
at room temperature for 3 hours. The reaction mixture was dUuted with CHCl, (30 mL) 
and washed with 5% aqueous dtiic acid (1 X 50 mL) and saturated brine (2 X 50 mL). 
n>e organic layer was dried over MgSO, and evaporated to a coloriess foam (284 mg. 
90%) which was used for derivatization of the soUd support without further purification. 

Derivatiation of Polyrtyrene support with TAMIU dye: High cross linked 
polystyrene (1000 A, 10 iimol/g amine loading, Ig. 10 ^moi). was treated wi^ 
compound 5 (17 mg, 12 Mmol, l-hydroxybenzotriazol (1.8 mg. 12 mol), (2-(lH- 

ben20tria2ol.l.yl).l,U3Hetramethyluonium hexafluorophospha^ (4.8 mg. 12 ^mol), 
AiAT^propylethylamine (6 ^L. 30 Mmol) in DMF (10 mL) on a wrist action shaker for 
4 hours at room temperature. TT»e siq)port was washed with DMF (3 X 10 mL),CH,CN 
(2X 10mL)andCH,Cl,(l X 10 mL) and dried under high vacuum overnight. TTie 
ninhydrin assay showed 1 »unoyg amine left. The trityl cation assay gave 5 pmol/g 
loading of compound 5. The support was capped with acetic anhydride/Iutidine in THF 
(10% solution. 5 mL) and l-methylimidazol in THF (16% solution. 5 mL) for 2 
room temperature. The support was washed with CHjCN (3 X 10 mL) and CHjCl, (1 X 

lOmL). The support wastreated with 20%piperidine in DMF (3 X 10 mL) to remove 
the Fmoc protecting group. The removal of the Fmoc group was monitored by 
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measuring UV of the solution at 302 nnt Thestqrportwaswashed withDMF(3X 10 
xnL) and, then treated with TAMRA NHS ester (15 mg, 27 funol) and Et3N (50 junol) in 
DMF (lOmL) for 42 hours on a shaker. The support was washed with DMF (3 X 10 
mL) CHjCN (2 X 10 naL) and CH2CI2 (1 X 10 niL) and dried under high va^^ 
5 hours. Ninhydrin test showed less dian 0*5 pmol/g amine left. The support was capped 
with acedc anhydride/lutidine in THF (1094 solution, 5 mL) and 1-methylimidazol in 
THF (16% solution, 5 mL) for 1 hour and then washed with CH^Qf (3 X 10 mL), 
CH2CI3 (2 X 10 mL) and dried under high vacuum for 24 hour. The trityl cation assay 
showed a final loading of 4.8 ^mol/g. 

10 

Derivatization of CPG support with TAMRA dye: A mixnire of CPG (500 A, 40 
pmoVg amine loading, 500 mg, 20 fmiol), compound 5 (3 1 mg, 22 jimol), 1 - 
hydroxybcnzotriazol (5,9 mg, 22 lunol), (2-(lH-ben20triazol-l-yl)-l,13,3- 
tetrametfayluronium hexafluropbosphate (8.4 mg, 22 ^mol), M^-diisopropylethylamine 

IS (10.4 ^L, 60 ^mot) in DMF (10 mL) was shaken on a wrist action shak 

room temperature. The support was washed with DMF (3 X 10 mL), CHjCN (2 X 10 
mL) and CH3CI2 (1 X 10 mL) and dried under high vacuum overnight. The ninhydrin 
assay showed 4 Mniol/g amine left. The trityl assay gave 15 ^mol/g loadii^ 
compound 5 on CPG support The siqyport was capped with acetic anhydride/lutidine in 

20 THF (10% solution, 5 mL) and l-mcthylimidazol in THF (16% solution, 5 mL) for 2 
hours at room temperature. The support was washed with CHjCTN (3 X 10 mL) and 
CH2CI2 (1 X 10 mL). The support was treated with 20% pipcridinc in DMF (3 X 10 mL) 
to remove the Fmoc protecting group. Removal of the Fmoc group was monitored by 
measuring UV of the solution at 302 nm. The support was washed with DMF (3 X 10 

25 mL). The support was then treated with TAMRA NHS ester (25 mg, 45 jimol) and EtjN 
(90 nmol) in DMF (5 mL) for 42 hours on a shaker. The support washed with DMF 
(3 X 10 mL), CH3CN (2 X 10 mL) and CH2CI2 (1 X 10 mL) and dried 
vacuum for 24 hours. Ninhydrin test showed less than I ^mol/g amine left. The support 
was capped with acetic anhydride/lutidine in THF (10% solution, 5 mL) and 1- 

30 methylimidazol in THF (16% solution, 5 mL) for 1 hour and then washed with CH3CN 
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(3X10 mL), CH2CI2 (2X10 xnL) and dried under high vacuum for 24 hours. The trityl 
cadon assay showed a final loading of 14 ^mol/g. 

Synthesis of FAM and TAMRA Doubled Labeled Probes: Doubled dye labeled 
S piobes were synthesized by using TAMRA labeUedsupi^ 

FastPhosphoratnidite and FAM amidite in 40 nmol scale. After completion of synthesis, 
siq>ports containing probes were tiansferred to 4 niL glass vials and treated with a 
mixture of MeOHrt-BuNHjrHjO (1 : 1 :2) at 65 for 3 hours. Liquid was removed by a 
syringe and the support was washed with H^OrMeOH (3 : 1 ) and MeOR The support was 
10 dried under vacuum and used in the hybridization assay . 

3. Hybridi»tion Agay Ugiiig Qligonwlwtidc 

A 295 basepair segment of exon 3 of human beta-actm gene (nucleotides 
214U243S as disclosed in Nakajima^Iijima. S.. Proc. Natl. Acad Sci. USA 82: 

IS 6133«6137 (1985) can be amplified using SO ul reactions that contain lO^n^ 

(pH 83X 50 mM KCl, 4 mM MgClj, 300 nM primer AFP (SEQ. No. 7], 300 nM 
primer biotin-ARP [SEQ. I D. No. 8 wi^ biotin attached to the 5' end], 200 fiM dATP, 
200 jiM dCTP, 200 fiM dOTP, 200 fiM TTP, and 1 .25 imits AmpliTaq (Pctkin-Elmer). 
The reactions are perfornied with (+ template) or without (no template^^ 

20 genomic DNA. 

After thermal cycling m 50 •€ (2 min); 95 "C (10 mi^^^ 
sec) followed by 60 (1 min), each sample is dUutcd by adding 200 >il Hybridization 
Buflfer (5X SSC, 8% (v/v) formamidc, 8% (v/v) Triton X- 1 00). The resulting samples 
are transferred to a streptavidin-coated 96-well microtiter plate (Xenopore Corp., Saddle 

25 Brook, NJ) and mcubated at 37 "^C for 30 min in order to cloture the amplified beta-actin 
DNA segment. Each well is then washed with 350 nl phosphate buffered saline/0.05% 
TWEEN-20, Any unbiotinylated DNA strands are removed by adding 1 00 jil 0. 1 M 
NaOH / 1 mM EDTA, incubating at room temperature for 5 min, and washing with 350 
ul phosphate buffered saIine/0.05%TWEEN-20. 50 ul of Hybridization Buffer 

30 contaming 100 nM of probe Al-26 [SEQ. I.D. No. 9, nucleotides 1-26 (Al -26), labeled 

-30. 



wo 96/15270 



I'CT/US95/14882 



10 



15 



20 



25 



with reporter FAM and quencher TAMRA) is then added and incubate at 37 T for 



30 



mm. 



Fluorescence is then measured at 518 mn and 582 nm using a Perkin-Elmer 
TaqManLS.50B System. The ARQ is then calculated as described in Example 5. n,e 
magnitude of ARQ indicates the level of hybridization of the A1.26 pix)be and thus is a 
measure of the amount of amplified beta^ DNA segment captured in each well. 

4. Hybridization Assay Using 

OligOnUCifiOfidf Pmhe Attnch^A Sniiri R..pp^ n 

Three probe/solid support combinations were examined: Al-PS: Al [SEQ.I.D. 
No. 9] attached to polystyrene support; A1<TG: Al [SEQ. I.D. No. 9] attached to glass 

support; and Gl-PS: Gl [SEQ. I.D. No. 13] attached to polystyrene support. 

AU three probes have FAM attached to the 5' end of the setpience 
attached to the 3- end. No template reactions were prepared by suspending each 
probe/solid support sample in 50 fil IX PGR Buffer (10 mM Tris-HCl (pH 8.3). 50 mM 
KCI. 3.5 mM MgCy. For plus template reactions. Al-PS and A l^CPG were suspended 

in 50 Ml IX PGR Buffer + 1 MM AlC; Gl-PS was suspended in 50 Ml IX PGR B^^ 
1 mMGIC. 

Reactions were incubated at 95 -C for 1 min. then allowed to cool slowly to room 
temperature. A portion of each suspension was placed on a microscope slide. Each 
sample was excited with 488 mn Ught and a fluorescence image was capmred on a CCD 
anay using either a 518 mn or 583 mn interference filter. The images were analyzed by 
finding a peak pixel value on the 518 mn image and then finding the 583 mn value for 
the same pixel. Pixel values were conected by subtracting the background readings 

observed with buffer. Table5 gives the results of fluorescence measurements of the 
indicated probes. 
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Table 5. 



PROBE 


518 


582 


RQ- 


RQ+ 


ARQ 




no 


■Hemp. 


no temp. -Hemp. 










temp. 












Al-PS 


149 


354 


253 379 


0.42 


0.67 


0.25 


Al-CPG 


494 


437 


1500 616 


1.13 


2.44 


1.31 


Gl-PS 


75 


166 


178 245 


0.45 


0.73 


0.28 



5. Metiiod For Monitoring 

PGR Amnlificarion TJsjpg OliynTnn^l eotide l>w^ 

All PGR ampUfications were peifoimed in a Pakin-Elmer Thennocycler 9600 
using 50 ill reactions that Contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 200 
dATP. 200 MM dGTP, 200 mM dGTP. 400 nM dUTP. 0.5 units AmpEiase™ uracil N- 
glycoIyase(PerIcin-Eliner),andl25unitsAnipliTaqTM(p^^ A295basepair 
segment of exon 3 of human p-actin gene (nucleotides 2141-2435 disclosed by 
Nakajima-Iijima, S.. Pro. Natl, Afflfl Sri TTSA 82: 6133-6137 (1985) was amplified 
using the AFP and ARP primers listed below. The amplification reactions contained 4 
mM MgGlj, 20 ng human genomic DNA, 50 nM Al or A3 probe, and 300 nM of each 
primer. Thermal regimen was 50 •€ (2 min); 95 'C (1 0 min); 40 cycles of 95 'C (20 
sec); 60 'C (1 min); and hold at 72 'C. A 515 basepair segment was amplified from a 
plasmid that consists of a segment of X DNA (nucleotides 32, 220-32. 747) inserted into 
the Sma I site of vector pUGl 19. These reactions contained 3.5 mM MgGU, 1 ng 
plasmid DNA, 50 nMP2 or P5 probe, 200 nM primer Fl 19, and 200 nM primer Rl 19. 
The thcmud regimen was 50 'C (2 min); 95 'C (10 min); 25 cycles of 95 'C (20 sec), 57 
•G(l min); and hold at 72 'C. 

For each ampUfication reaction, 40 nl was transferred to an individual well of a 
white 96-weU microtiter plate (Pericin-Ehncr). Fluorescence was measured on a Perkin- 
Elmer TaqManTM LS-50B System, which consists of a luminescence spectrometer with a 
plate reader assembly, a 485 nm excitation filter, and a 515 ran emission filter. 
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Excitation was carried out at 488 nm using a 5 nm slit width. Emission was measured at 
S 1 8 nm for 6-FAM (the reporter, or R Valve) and 582 nm for TAMRA (the quencher, or 
Q value) using a 10 nm slit width. In order to determine the increase in reporter emission 
that is due to cleavage of the probe during PGR, three normalizations are ^lied to the 
S raw emission data« First, emission intensity ofa buffer blank is subtracted for each 
wavelength. Second, emission intensity of the reporter is divided by the emission 
intensity of the quencher to give an RQ ratio for each reaction tube. This normalizes for 
well-to*well variation in probe concentration and fluorescence measurement Finally, 
A RQ is calculated by subtracting the RQ value of the no template control (RQ*) from the 

10 RQ value for the complete reaction including a template (RQ^. 

Three pairs of probes were tested in PCK assays. For each pair, one probe has 
TAMRA attached to an internal nucleotide and the other has TAMRA attached to the 3* 
end nucleotide. Results are shown in Table 6. For all three sets, the probe with the 3' 
quencher exhibits a ARQ value that is considerable higher than for the probe with the 

IS internal quencher. 



Table 6. 



PROBE 


518 


582 


RQ- 


RQ+ 


ARQ 




no temp. 


-Kemp. 


no temp. 


■Hemp. 










34.06 


50.1 


73.78 


70.8 


0.5 


0.71 


0.25 


A3-24 


58.85 


202 


69.66 


78.8 


0.8 


2.57 


1.72 


P2-7 


67.58 


341 


85.78 


87.9 


0.8 


3.89 


3.1 


P2-27 


124.6 


722 


152.6 


118 


0.8 


6.1 


5.28 


P5-10 


77.32 


156 


75.41 


67 


1 


2.33 


1.3 


P5.28 


73.23 


507 


106.6 


96.3 


0.7 


5,28 


4.59 
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Table 7. Fluorescence In Single And Double-stranded States. 




Table 7 gives the results of fluorescence measurements of the indicated pro^ 
single and double-stranded states. For probes having reporter and quencher at opposite 
ends of the oUgonucIeotide. hybridization caused a dramatic increase in RQ. 

TTie foregoing description of a preferred embodiment of the invention has been 
presented for purposes of iUustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise forms disclosed. Obviously, many modifications 
and variations will be i^parent to practitioners skilled in tiiis art. It is intended tiiat tiie 
scope of the invention be defined by tiie following claims and dieir equivalents. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Perkin-Elmer Corporation, 

^plied Biosystems Division 
5 (ii) TITLE OF INVENTION: SELF-QUENCHING FLUORESCENCE 

PROBE AND METHOD 

(iii) NUMBER OF SEQUENCES: 14 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: David J. Weitz, 
10 Haynes & Davis 

(B) STREET: 2180 Sand Hill Road, Suite 310 

(C) CITY: Menlo Park 

(D) STATE: California 

(E) COUNTRY: USA 

IS (F) ZIP: 94025-693S 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch diskette 

(B) COMPUTER: IBM compatible 

20 (C) OPERATING SYSTEM: Microsoft Windows 3.1/DOS 

5.0 

(D) SOFTWARE: WordPerfect for windows 6.0, 
ASCII (DOS) TEXT format 

25 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 



30 



(vii) PRIOR APPLICATION DATA: 
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(A) APPLICATION NUMBER: 08/340,558 

(B) PILING DATE; 16 -NOV- 94 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: David J. W«slt2 

(B) REGISTRATION NUMBER: 38,362 

(C) REFERENCE/DOCKET NUMBER: PELM4264CIP1W0 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415) 233-0188 

(B) TELEFAX: (415) 233-1129 



(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 
ACCCACAOGA ACTGATCACC ACTC 



(2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 26 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2; 
ATGTCGCGTT CCGGCTGACG TTCTGC 

30 



24 



26 
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(2) INFORMATION PGR SEQ ID NO: 3: 
(i) SEQUENCE C3IARACTERIST1CS : 

(A) LENGTH: 27 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TCGCATTACT GATCGTTOCC AACCAGT 

(2) INFORMATION FOR SEQ ID NO: 4 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
GTACTGGTTG GCAACGATCA GTAATGCGAT G 

(2) INFORMATION FOR SEQ ID NO: 5 
( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 28 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 
CGGATTTGCT GGTATCTATG ACAAGGAT 



(2) INFORMATION FOR SEQ ID NO: 6 
(i) SEQtJENCE CHARACTERISTICS: 
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(A) LENGTH: 31 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
TTCATCCTTG TCATAQATAC CAGCAAATCC G 31 

(2) INFORMATION FOR SEQ ID NO: 7 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
TCACCCACAC TGTGCCCATC TACGA JS 

(2) INFORMATION FOR SEQ ID NO: 8 
( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: e 
CAGCGGAACC GCTCATTGCC AATGG 25 

(2) INFORMATION FOR SEQ ID NO: 9 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
ATGCCCTCCC CCATGCCATC CTGCGT 26 

(2) INFORMATION FOR SEQ ID NO: 10 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 
AGACGCAGGA TG6CATGGGG QAGGGCATAC 30 

(2) INFORMATION FOR SEQ ID NO: 11 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
CGCCCTGGAC TTCGAGCAAG AGAT 24 

(2) INFORMATION FOR SEQ ID NO: 12 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 
CCATCTCTTG CTCGAAGTCC AGGGCGAC 28 
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(2) INFORMATION FOR SEQ ID NO: 13 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 
CAAQCTTCCC GTTCTCAGCC T 



21 



(2) INFORMATION FOR SEQ ID NO: 14 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 
ACCGTCAAGG CTGAGAACGG GAA6CTTGTC 30 
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What is claimed is: 

1 . An oligonucleotide probe comprising: 
an oligonucleotide sequence; 

a fluorescent rqporter molecule attached to said oligonucleotide sequence; and 
5 a quencher molecule capable of quenching the fluorescence of said reporter 

molecule attached to said oligonucleotide sequence; 

said oUgonucleotide probe existing in at least one single-stranded 
conformation vAien unhyhridized vfhiext said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existing in at least 
1 0 one conformation when hybridized to a target polynucleotide vfhcrc the fluorescence 
intensity of said reporter molecuie ^en said Oligonucleotide probe is hybridized to 
said target polynucleotide is greater than the fluorescence intensity of said reporter 
molecule when said oligonucleotide probe is not hybridized to said target 
polynucleotide. 

15 

2. The oligonucleotide probe according to claun 1 wherein the fluorescence 
intensity of said reporter molecule when said oligonucleotide probe is hybridized to said 
target polynucleotide is at least about a fiactor of 6 greater than the fluorescence intensity 
of said reporter molecule when said oligonucleotide probe is not hybridized to said target 

20 polynucleotide. 

3. The oligonucleotide probe according to claim 1 wherein said reporter 
molecule is separated fiom said quencher molecule by at least about IS nucleotides. 

25 4. The oligonucleotide probe according to claim 3 wherein said reporter 

molecule is separated from said quencher molecule by between about 1 5 and 60 
nucleotides. 

5. The oligonucleotide probe according to claim 1 wherein said reporter 
30 molecule is sepamted from said quencher molecule by at least about 1 8 nucleotides. 
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6. The oligonucleotide piobe according to claim 5 wherein said reporter 
molecule is separated fix»m «ud quencher molecule by between about 1 8 and 30 
nucleotides. 



7. TTieoUgonucleotide probe according to claim 1 wherein the reporter 
molecule is attached to a 3- tcnninal mwleotide of the piobe. 

8. '^°"8«°'*l~tide probe according to claim 7 wherein 4^ 
molecule is attached to a 5' terminal nucleotide of the probe. 

9. ^oM«««ucleotidepiobe according to claim 1 wherein the repo 
molecule is attached to a 5' terminal nucleotide of the probe. 

10. Tl^ oUgomicleotide probe according to claim 9 wherein the quencher 
molecule is attached to a 3* terminal nucleotide of the probe. 

n. ^ oyBoin^lwtide probe according to claim rwher^ 
molecule is attached to a 3* terminal nucleotide of the probe. 

12. The oligonucleotide probe according to claim I wherein the quencher 
molecule is attoched to a 5' terminal nucleotide of the probe 

13. Thcoligomicleotideprobeaccordingtoclaimlwhereinsaidreporter 
molecule is a fluorescein dye and said quencher molecule is a rhodamine dye 

14. An oligonucleotide probe comprising: 
an oligonucleotide sequoice; 

a fluorescent reponer molecule attached to said oligonucleotide sequence; and 
a fluorescent quencher molecule capable of quenching the fluorescence of said 
reporter molecule attached to said oligonucleotide sequence; 
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said oligonucleotide probe existing in at least one single-stranded 
confonnation when unhybridized where said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existing in at least 
one confonnation when hybridized to a target polynucleotide where the fluorescence 
of said reporter molecule is unquenched. the fluorescence intensity of said reporter 
molecule being greater than the fluorescence intensity of said quencher molecule 
when said probe is hybridized to said target polynucleotide. 

15. The oUgonudeotide probe according to claim 14 wherein the fluorescence 
intensity of said reporter molecule is at least about a factor of 3.5 greater than the 
fluorescence intensity of said quencher molecule wbea said probe is hybridized to said 
target polynucleotide. 



16. An oligonucleotide probe comprising: 
an oligonucleotide sequence; 

a fluorescent reporter molecule attached to said oligonucleotide sequence; and 
a fluorescent quencher molecule ci^le of quenching the fluorescence of said 
reporter molecule attached to said oUgonucleotide sequence; 

said oligonucleotide probe existing in at least one single-stranded 
confonnation when unhybridized where the fluorescence of said reporter molecule is 
unquenched. the ratio of the fluorescence intensities of said reporter molecule to said 
quencher molecule when said probe is hybridized to said target polynucleotide is 
greater than the ratio of the fluorescence intensities of said reporter molecule to said 
quencher molecule when said inobe is single-stianded. 

1 7. The oligonucleotide probe according to claim 16 wherein the ratio of 
the fluorescence intensities of said reporter molecule to said quencher molecule when 
said probe is hybridized to said target polynucleotide being at least about a factor of 6 
greater than the ratio of the fluorescence intensities of said reporter molecule to said 
quencher molecule when said probe is single-stranded. 
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1 8. An OUgonucIeotide probe comprising: 
asolidsufqxMt; 

an oligonucleotide sequence attached to said solid support; 
a fluorescent reporter molecule attached to said oligonucleotide sequence- and 
a quencher molecule capable of quenching the fluoiescence of said reporter 
molecule attached to said oligonucleotide sequence; 

said oligonucleotide probe existing in at least one single-stianded 

confommtion when unhyhridized where said quencher molecule quenches the 

fluoroscence of said reporter molecule, said oligonucleotide probe existing in at least 

one <«'tf<»»^tionwhenhyhridizedtoati«getpolynucl«^^ 

mtensity of said reporter «olecdev*ens«doligonucleotidepro^ 

sard target polynucleotide is groater than ti»e fluorescence intensity of said reporter 

molecule when said oligonucleotideprobe is not hybridized to said target 
polynucleotide. 



19. TTieoUgonucleotideprobeaccordingtochdm 18 whei«n the fluorescence 
mtensityofsaidreportcrmoleculewhensaidoKgonucleotideprobe 
targetpolynucleotideisatleastaboutafi^to^^^^^^ 

of said reporter molecule ^en said oligonucleotide probe is not hybridized to said target 
20 polynucleotide. 



20. probe accoidmg to claim 18 wherein the probe is attached to the solid 

support by a linker. 



25 21. The probe according to claim 20 wherein ti« linker separates tiie probe 

fiom tiie solid support by at least 30 atoms. 



22. The probe according to claim 21 wherein ti>e linker separates tiie probe 
from tiw solid siqiport by at least 50 atoms. 

30 
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23. The probe according to claim 20 wherein the linker is a fiinctionalized 
polyethylene glycol, 

24. nie probe according to claim 23 wherein the linker is a polynucleotide. 

25. The probe according to claim 20 wherein the linker includes a detachable 
linkage enabling the probe to be released from the solid support. 

26. An oligonucleotide probe comprising: 
a solid st^pcnt; 

an oligonucleotide sequence attached to said solid support; 

a fluorescent reporter molecule attached to said oligonucleotide sequence; and 

a fluorescem quencher molecule capable of quenching the fluorescence of said 
reporter molecule attached to said oUgonucleotide sequence; 

said oligonucleotide probe existing in at least one single-snanded 
conformation when unhybridized where sdd quencher molecule q^^^ 
fluorescence of said reporter molecule, said oUgonucleotide probe existing in at least 
one conformation when hybridized to a target polynucleotide where the fluorescence 
of said reporter molecule is unquenched, the fluorescence intensity of said reporter 

molecule being greater than the fluorescence intensity of said quencher molecule 
when said probe is hybridized to said target polynucleotide. 

27. The probe according to claim 26 wherein the fluorescence intensity of 
said reporter molecule is at least about a fiwtor of 3.5 greater than the fluorescence 
intensity of said quencher molecule when said piobe is hybridized to said target 
polynucleotide. 

28. An oligonucleotide probe comprising: 
a solid support; 

an oligonucleotide sequence attached to said solid support; 
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• fluorescent reporter molecule attached to said oligonucleotide sequence; anc 
a fluofescent quencher molecule capable of quenching the fluorescence of sai. 
reporter molecule attached to said oUgonucleotide sequence; 

said oligonucleotide probe existing in at least one single-stranded 
confonnation when unhybridized where said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existing in at least 
one conformation when hybridized to a target polynucleotide where the fluorescence 
of said reporter molecule is unquenched. the ratio of the fluorescence intens^^ 

said reporter molecule to said quencher molecule when said pn>be is hybridized to 

said target polymKdeotide is greater than the ratio of the fluoies^ 

said reporter molecule to said quencher molecule when said probe is single-stranded. 

29. The probe according to claim 2 8 wherein the ratio of the fluorescence 
intensities of said rq)orter molecute to SMd quencher molecule when said p^^ 
hybridized to said target polynucleotide is at least about a &ctor of 6 greater than the 

ratio of the fluorescence intenshies of said reporter molecule to said quench^ 
molecule when said probe is single-stranded. 

30. A method for monitoring nucleic acid amplification comprising: 

petforining nucleic add amplification on a target polynucleotide usin^ 
nucleic acid polymerase having 5'^ 3' nuclease activity, a primer capable of 
hybridizing to said target polynucleotide, and an oligonucleotide probe capable of 
hybridizing to said target polynucleotide 3' relative to said primer. 

said oUgonucleotide probe having a fluorescent reporter molecule and a 
quencher molecule capable of quenching the fluorescence of said reporter molecule. 

said oligonucleotide probe existing in at least one single-stranded 
confonnation when unhybridized where said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existing in at least 
one conformation when hybridized to said target polynucleotide where the 
fluorescence of said reporter molecule is unquenched, the fluorescence intensity of 
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said rq)orter molecule being greater than the fluorescence intensity of said quencher 
molecule vfhen said probe is hybridized to said target polynucleotide, 

said nucleic acid polymerase digesting said oligonucleotide probe during 
amplification to separate said reporter molecule from said quencher molecule; 
5 and 

monitoring the fluorescence of said reporter molecule, the generation of 
fluorescence corresponding to the occurrence of nucleic acid amplification, 

3 1 . The method according to claim 30 wherein the fluorescence intensity of 
10 said reporter molecule is at least about a fiictor of 3*5 greater than the fluorescence 
intensity of said quencher molecule v^en said probe is hybridized to said target 
polynucleotide/ 

32* The method according to claim 30 ^Aierein said rqporter molecule is 
15 separated fi^m said quencher molecule by at least about 15 nucleotides. 

33. The method according to claim 32 vtdierein said reporter molecule is 
separated from said quencher molecule by between about 1 5 and 60 nucleotides. 

20 34. The method according to chum 30 ^erem said reporter molecule is 

separated from said quencher molecule by at least about 1 8 nucleotides. 

35. The method according to claim 34 wherein said reporter molecule is 
separated from said quencher molecule by between about 1 8 and 30 nucleotides. 

25 

36. The method according to claim 30 ^^erein the reporter molecule is 
attached to a 3* termiiud nucleotide of the probe. 

37. The method according to claim 36 wherein the quencher molecule is 
30 attached to a 5* terminal nucleotide of the probe. 
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38. The method according to claim 30 ^dierein the reporter molecule is 
attached to a 5' teiminal nucleotide of the probe. 

39. The method according to claim 38 herein the quencher molecule is 
S attached to a 3* terminal nucleotide of the probe. 

40. The method according to claim 30 wherein the quencher molecule is 
attached to a 3* terminal nucleotide of tte probe. 

10 41. The method according to claim 30 iirtierein the quencher mole^ 

att^K^ to a 5' terminal nucleotide of the probe. 

42. Ilu? method according to claim 30 M^kcrein said n^^ 
is a thermostable nucleic acid polymerase. 

15 

43. The mediod according to claim 30 v^ierein said reporter mole^ 
fluorescein dye and said quencher molecule is a liiodamine^ 

44. A method for monitoring nucleic acid amplification comprising: 

20 performing nucleic acid amplification on a target polynucleotide using a nucleic 

acid polymerase having 5*-* 3' niu^iease activity, a primer ci^le of hybridizing to said 
target polynucleotide and an oUgoiiucleotide probe capeble of hylmdi2dng to said tai^et 
polynucleotide 3* relative to said primer, 

said oligonucleotide probe having a fluorescent reporter molecule and a 
2S quencher molecule c^ble of quenching the fluorescence of said reporter molecule^ 
said oligonucleotide probe existing in at least one single-stranded 
conformation vAvsn unhybridized vfherc said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existmg in at least 
one conformation when hylmdized to said target polynucleotide where the 
30 fluorescence intensity of said oligonucleotide probe hybridized to said target 
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polynucleotide being at least about a factor of 6 greater than the fluorescence intensity 
of said oligonucleotide probe when not hybridized to said target polynucleotide, 
said nucleic acid polymerase digesting said oligonucleotide probe during 
amplification to separate said reporter molecule firom said quencher molecule; 

5 

and 

monitoring the fluorescence of said reporter molecule, the generation of 
fluorescence corresponding to the occurrence of nucleic acid amplification. 

10 45. A inetiiod for monitoring nucleic acid amplification comprising: 

performing nucleic acid amplification on a target polynucleotide using a nucleic 
acid polymerase having S'^ 3' nuclease activity, a primer capable of hybridizing to said 
target polynucleotide and an oligonucleotide probe capable of hybridizing to said target 
polynucleotide 3* relative to said primer, 
IS said oligonucleotide probe having a fluorescent reporter molecule and a 

quencher molecule capable of quenching the fluorescence of said reporter molecule, 

said oligonucleotide probe existing in at least one single-stranded 
conformation when unhybridized where said quencher molecule quenches the 
fluorescence of said reporter molecule, said oligonucleotide probe existing in at least 
20 one conformation when hybridized to said target polynucleotide i^ere the 

fluorescence of said reporter molecule is unquenched, the ratio of the fluorescenc 
intensities of said reporter molecule to said quencher molecule v/hen said probe is 
hybridized to said target polynucleotide being at least about a factor of 6 greater than 
the ratio of tte fluorescence intensities of said reporter molecule to said quencher 
25 molecule when said probe is single-stranded, 

said niicleic acid polymerase digesting said oligonucleotide probe during 
amplification to separate said reporter molecule firom said quencher molecule; 

and 
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monitoring the fluorescence of said reporter molecule, the generation of 
fluorescence cor«sponding to the occurrence of nucleic acid amplification. 

46. A method for detecting nucleic acid target sequences in a sample 

comprising: 

<»ntacting a sample of «H:leic «:ids with an oUgonucIeotide p^^ 
conditions fevorrf,lefbrhybridization.theol^^^ 

least partiaUy complement«y to a target nucldc add sequence to be dete«^ 
ohgonucleotideprobeincludingafluorescent reporter molecule «KJaq^^^^ 
molecule capable ofquenduag the fluorescence of sdd reporter mol«^^^ 
oligonucleotideprobeexistinginatleastonesingle-s^c^^ 
unhybndized where said quend«r molecule quenches the fluorescence of said 
n:portermolecule.sddohgonucleotideprobeexist^ 
^ ^^^yW'^^^to-dt.r^etpoIynucl^tidewherethefl^^ 

reporter molecule when sdd oligonudeotide probe is hybridized to said target 
polynucleotide is greater than the fl«,rescence intensity of 
^en said oUgonudeotide probe is not hybridized to said target polynucleotide- 



10 



20 



25 



and 



monitoiing the fluorescence of said reporter molecule, an increase in the 
fluorescence mtensity of the reporter molecde indicating thepres^ 



sequence. 



47. The method according to chum 46 wherein the fluorescence imensity of 
s«d reporter molecule when sdd oKgonucleotide probe is hybridized to sa^^ 
polymKleotide is at least about a fector of 6 greater than the fl«>rescence intensity of 
s«d reporter molecule when sdd oUgonudeotide probe is not hybridized to sdd target 



polynucleotide. 



48. The method according to chiim 46 wherein sdd reporter molecule is 
30 separated from sdd qucnd»er molecule by at least dwut 15 nucleotides. 
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49. The method accordmg to claim 48 wherein said reporter molecule is 
separated from said quencher molecule by between about 1 S and 60 nucleotides. 

50, The method according to claim 46 Miierein said reporter molecule is 
S separated from said quencher molecule by at least about 1 8 nucleotides. 

SL The method according to claim SO M^ierein said reporter molecule is 
separated from said quencher molecule by between about 1 8 and 30 nucleotides. 

10 S2. The method according to claim 46 wherein the reporter molecule is 

attached to a 3' terminal nucleotide of the probe. 

53. The method according to claim S2 wherein the quencher molecule is 
attached to a S* terminal nucleotide of the probe. 

15 

54. The method according to claim 46 wherein the reporter molecule is 
attached to a 5* terminal nucleotide of the probe. 

55. The method according to claim 54 wherein the quencher molecule is 
20 attached to a 3' terminal nucleotide of the probe. 

56. The method according to claim 46 wherein the quencher molecule is 
attached to a 3' termixud nucleotide of the probe. 

25 57. the method according to claim 46 u^erein the quencher molecule is 

attached to a 5* terminal nucleotide of the probe. 

58. The method according to claim 46 wherein said nucleic acid polymerase 
is a thermostable nucleic acid polymerase. 

30 



-51- 



wo 96/15270 



I>CT/US9S/14882 



10 



15 



20 



59. The method according to claim 46 wherein said reporter molecule is a 
fluorescein dye and said quencher molecule is a rhodamine dye. 



60. 



A method for detecting nucleic acid target sequences in a sample 
comprising: 

contacting a sample of nucleic acids with an oligonucleotide probe under 
conditionsfevor^,efi„hybridization.theoli8om«le^^^ 

least partuUly complementary to a target nucleic «ad sequence 10 be det^ 
oKgonucIeotide probe including a fluorescent reporter molecule und a fluorescent 
quencher molecule capable of quenching the fluorescence of said reporter molecule 
said oligonucleotide probe existing in at least one single-stranded conformation wh« 
unhybndized where said quencher molecule quenches the fluorescence of said 
reporter molecule. s«d oligonucleotide probe existing in at least one conformation 

hybddized to said target polynucleotide where the fluorescence of said reporter 
iiwlecule is unquenche4 the fluorescence intensi^ of said reporter molec^^^ 
greater than the fluorescence intensity of said quenchw mole^^^ 

hybridized to said target polynucleotide; 
and 

monitoring the fluorescence of said reporter molecule, an increase in the 
fluorescence intensity of the reporter molecule indicating the presence of the target 
sequenm. 



61. TTie method according to claim 60 wherein the fluorescence intensity of 
said reporter molecule is at least about a fiwtor of 3.5 greater than the fluorescence 

target 



25 mtensityofsaidquenchermoleculewhensaidprobeishybridizedtosaid 



polynucleotide. 
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62. A method for detecting nucleic acid target sequences in a sample 
comprising: 

contacting a san^>le of nticleic acids with an oligonucleotide probe under 
conditions favorable for hybridization, the oligonucleotide probe having a sequence at 
S leastpartially complementary to a target nucleic acid sequence to be detected, the 
oligonucleotide probe including a fluorescent reporter molecule and a quencher 
molecule capable of quenching the fluorescence of said reporter molecule, said 
oligonucleotide probe existing in at least one single-stranded confonnation when 
unhybridized where said quencher molecule quenches the fluorescence of said 
1 0 reporter molecule, said oligonucleotide probe existing in at least one conformation 

\^en hybridized to said target polynucleotide where the fluorescence of said reporter 
molecule is unquenched, the ratio of the fluorescence intensities of said reporter 
molecule to said quencher molecule vdien said probe is hybridized to said target 
polynucleotide is greater than the ratio of the fluorescence intensities of said reporter 
15 molecule to said quencher molecule when said probe is single-stranded; 
and 

monitoring the fluorescence of said reporter molecule, an increase in the 
fluorescence intensity of the reporter molecule indicating the presence of the target 
sequence* 

20 

63 . The method according to claim 62 wherein the ratio of the fluorescence 
intensities of said reporter molecule to said quencher molecule when said probe is 
hybridized to said target polynucleotide is at least about a factor of 6 greater than the 
ratio of the fluorescence intensities of said reporter molecule to said quencher molecule 

25 when said probe is single-stranded* 

64* A method for detecting nucleic acid target sequences in a sample 
comprising: 

contacting a sample of nucleic acids with an oligonucleotide probe attached to 
30 a solid support under conditions favorable for hybridization, the oligonucleotide probe 
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having a sequence at least partially complementary to a target nucleic acid sequence t 
be detected, the oligonucleotide probe including a fluorescent reporter molecule and i 
quencher molecule capable of quenching the fluorescence of said reporter molecule, 
said oligonucleotide probe existing in at least one single-stranded conformation when 
S unhybridized where said quencher molecule quenches the fluorescence of said 

reporter molecule, said oligonucleotide probe existing in at least one confonnation 
^en hybridized to said target polynucleotide v\diere ibc fluorescence intensity of said 
reporter molecule when said oligonucleotide probe is hybridizied to said target 
polynucleotide is greater than the fluorescence intensity of said reporter 
1 0 when said oligonucleotide probe is not hybridized to said target polynucleotide; 
and 

monitoring the fluorescence of said reporter molecule, an increase in the 
fluorescence intensity of the reporter molecule indicating the presence of the target 
sequence. 

15 

65 . The method according to claim 64 wherein the fluorescence intensity of 
said reporter molecule vihcn said oligonucleotide probe is hybridized to said target 
polynucleotide is at least about a fiictor of 6 greater than the fluorescence mtensity of 
said reporter molecule when said oligonucleotide probe is not hybridized to said target 

20 polynucleotide. 

66. The method according to claim 64 A^erein the probe is attached to 
solid support by a linker. 

25 67. The method according to claim 66 wherein the linker separates the probe 

from the solid support by at least 30 atoms. 

68. The method according to claim 66 wherein the linker separates the probe 
from the solid support by at least 50 atoms. 

30 
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69. The method accoiding to claim 66 whcrem the linker is a fimctionalized 
polyethylene glycol. 



70. 



The method accoiding to claim 69 wherein the linker is a polynucleotide 



71. A method for detecting nucleic acid target sequences in a sample 

comprising: 

contacting a sample of nucleic acids Avith an oligonucleotide probe attached to 
a solid support under conditions ftvoiable for hybridization, the oligonucleotide probe 
having a sequence at least partially complementaiy to a target nucleic acid sequence to 
be detected, the oUgonucleotide probe including a fluorescent reporter molecule and a 
fluorescent quencher molecule capable of quenching the fluorescence of said reporter 
molecule, said oKgonucleotidepiobe existing in at least one single-sti^ 
conformation when unhyhridized v*ere said quencher molec^^ 
fluorescence of said reporter molecule, said oligonucleotide piobe existing in at least 
one conformation when hybridized to said target polynucleotide where the 
fluorescence of said reporter molecule is unquenched. the fluoresc«^^ 
said reporter molecule being greater than the fluorescence intensity of said quencher 

molecule when said probe is hybridized to said taiget polynucleotide; 
and 

monitoring the fluorescence of said reporter molecule, an increase in the 
fluorescence intensity of the reporter molecule indicating the presence of the target 
sequence. 

72. The method according to claim 71 wherein the fluorescence intensity' of 
said reporter molecule is at least about a factor of 3.5 greater than the fluorescence 

intensity of said quencher molecule when said probe is hybridized to said taiget 
poljrnucleotide. 
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73. A method for detecting nucleic acid target sequences in a sample 
comprising: 

contacting a sample of nucleic acids with an oUgonucleotide probe attached to 
a solid support under conditions &vorable for hybridization, the oligonucleotide probe 
having a sequence at least partially complementary to a tai^et nucleic acid sequence to 
be detected, the oUgonucleotide probe including a fluorescent reporter molecule and a 
fluorescent quencher molecule oqiable of quenching the fluorescence of said reporter 

molecule, said oUgonucleotide probe existing in at least one single-stranded 
conformation when unhybridized where said quencher molecule quenches the 
fluorescence of said reporter molecule, said oUgonucleotide probe existing in at least 
one conformation when hybridized to said target polynucleotide where the 
fluorescence of said reporter molecule is unquenched, the ratio of the fluorescence 
intensities of said reporter molecule to said quencher molecule when said probe is 
hybridized to said target polynucleotide is greater than the ratio of the fluorescence 
intensities of said reporter molecule to said quencher molecule when said probe is 
single-stranded; 
and 

monitoring the fluorescence of said reporter molecule, an increase in the 
fluorescence intensity of the reporter molecule indicating the presence of the tai^et 
sequence. 



74. The method according to claim 73 wherein the ratio of the fluorescence 
intensities of said reporter molecule to said quencher molecule when said probe is 
hybridized to said target polynucleotide is at least about a factor of 6 greater tiian the 
ratio of tiie fluorescence intensities of said reporter molecule to said quencher 
molecule when said i»obe is single-stranded. 
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